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I. The e n t i r e  research  e f f o r t  f o r  t h e  per iod  1 May 1969 t o  31 J u l y  3.969 was 
devoted t o  t h e  p r o j e c t  concerned wi th  polymers of enhanced conduc t iv i ty  and 
a study of t h e  parameters which c o n t r i b u t e  t o  conduc t iv i ty .  Polymers were not 
synthes ized  dur ing  t h e  per iod  and a11 t h e  resezrch  was d i r e c t e d  t o  t h e  sCudy 
of p ro to type  o r  model molecules t o  a s s u r e  t h e  accuracy of t he  s p e c i f i c  chem- 
i s t r y  when it  i s  app l i ed  t o  t h e  polymeric Sch i f f  bases  having py r id ine  r i n g s  
i n  t h e  backbone cha in ,  t h e  s t r u c t u r e s  of whi.cb were giver! i n  t h e  S t a t u s  Report 
f o r  t h e  per iod  1 February l969 t o  30 A p r i l  
t heses  of  t h e  fol lowing pro to type  monomers 
(111) 
m.p. 207°C 
b. 
a. 
f. 
( VI 
m.p. > 300°C 
Accordingly,  t h i s  s ta tus .  r e p o r t  f o r  
t h e  syntheses  and r e a c t i o n s  of monomers. 
1969, i n  which the success fu l  syn- 
were repor ted :  
G w 
m.p. -208-209°C 
the  second q u a r t e r  d e a l s  s o l e l y  wi th  
-3 
11. Pyridine-Type Monomers e 
A. Syntheses ,  
ompound was prepared by the  continuous azeo t rop ic  method from . 
2-pyr id ine  carboxaldehyde and p-phenylenediamine i n  benzene. I ts  s t r u c t u r e  
was conf inned by elemental  a r ia lys i s ,  i n f r a r e d  spectrum and IWR. 
2. ~ N ~ ~ ~ = H ~  ( V I I I ) ,  m.p. 157-158°C. 
*3 H3 
This  compound was prepared by t h e  continuous azeo t rop ic  method from 
a n i l i n e  and 2 ,6 -d iace ty l  i n  benzene. I ts  s t r u c t u r e  was confirmed by elemental  
ana lyses ,  i n f r z r e d  spectrum and NNR. 
It was e s t a b l i s h e d  p rev ious ly  t h a t  t h e  main product obtained. was t h e  b i s -  
compound w i t h  the expec ta t ion  of ob ta in ing  2-aminopyridine arid t h e  d.esired 
Sch i f f  base.  This  experiment was unsuccessful .  An at tempt  is being made t o  
prepare  t h e  monomer according t o  t h e  equat ion 
The experiment has  been completed. The i s o l a t i o n  and p u r i f i c a t i o n  of 
t h e  products  appear  t o  be. d i f f i c u l t  and a r e  i n  progress ;  t he  r e a c t i o n  does 
no t  appear t o  be s a t i s f a c t o r y .  
The r e a c t i o n  of 2-ace ty lpyr id ine  and a n i l i n e  i n  benzene uzing t h e  azeo- 
t r o p i c  method has  been performed, I s o l a t i o n  and p u r i f i c a t i o n  are i n - p r o g r e s s ;  
t h e  r e a c t i o n  does no t  appear t o  be  s a t i s f a c t o r y .  
The s y n t h e s i s  o f  c h i s  monomer from benzaldehyde and 2,6-diarnino- 
py r id ine  was shown i n  t h e  f i r s t  q u a r t e r l y  r e p o r t  t o  be unsuccessful .  
o f  t h e  d e s i r e d  Schifl:' base,  a polymeric polyimine was obtained.  
w a s  made, t h e r e f o r e ,  t o  r e a c t  t h e  dihydrochlor ide of 2,6-dian;inopyridinc with 
benzaldehyde i.n e thano l  t o  o b t a i n  t h e  d e s i r e d  product a s  a r e fe rence  compound, 
according t o  t h e  equat ion 
Ins t ead  
An at tempt  
This r e q u l r e d  t h e  p repa ra t ion  o f  2,6-diaminopyridine dihydrochlor ide.  
It appears t h a t  t h e  dihydrochlor ide i s  e i t h e r  uns t ab le  o r  not  i s o l a t a b l e  
because t h e  reaction of  excess gaseous anhydrcus H C 1  with 2,6-diaminopyridine 
BS a d i l u t e  so lu t io r ,  ei.ther i n  c t h c r  or' t..t.ljgi a c e t a t e  y i z l d e d  011ly the morio- 
hydsochioride. T h i s  s,lonoliydrochLilriLt: has  b c w  reac ted  with benzaldchy& 
according t o  t h e  equation: 
The p r o d w t  i s o l a t e d  m e l t s  i n  t h e  range of .85-89"C and its i n f r a r e d  
-1 spectrum shows a peak a t  3380 cm , i n d i c a t i v e  of f r e e  -NH s t r u c t u r e s ,  The 
reaction appears  t o  be  a mixture  of substances which were not  resolved r e a d i l y  
e i t h e r  by t h i n  l a y e r  or column chromatography. 
continued. 
The experiment i s  being 
111. Der iva t ives  of PyrLdine-Type Konamers. 
A.  Quaternary Derivat tves .  
The s y n t h e s i s  of one quaternar ized S c h i f f  base was r epor t ed  i n  t h e  f i r s t  
q u a r t e r l y  l e t t e r  r e p o r t ;  i t s  s t r u c t u r e  was confJ.rmed by h m ,  
Lnconsistent a n a l y t i c a l  d a t a  received a f t c r  t h e  r e p o r t  have r equ i r ed  f u r t h e r  
Anomalous and 
r e sea rch  on th i s  compound and i t s  
o t h e r  qua te rna r i zed  pyridine- type 
s y n t h e s i s .  
monomers were a l s o  undertaken. 
The syntheses  of-a  number of  
(XIII) . 
J 3 
This  compound was o r i g i n a l l y  attempted by t h e  r e a c t i o n  of  (111) wi th  2 
moles of methyl i od ide  i n  DMC.  Th.e crude sainpie which was p r e c i p i t a t e d  by 
benzene was eva lua ted  i n  deu te ra t ed  DMSO and t h e  i n t e g r a t i o n  corresponded 
e x a c t l y  t o  t h a t  r equ i r ed  f o r  ( X I X I ) .  The remainder of the sample was p m i -  
f i e d  twice by d i s s o l v i n g  it i n  DIlAC and p r e c i p i t a t i n g  it with benzene and 
d r i e d  a t  room temperature a t  0.5 m Hg p res su re ,  and subinitted f o r  a n a l y s i s .  
The e l emen ta l  a n a l y s i s  corresponded exac t ly  t o  a compound of t h e  s t r u c t u r e  
H2N 0 
I 
CH3 
Kts irrfsared sp~cLruni shcwed strong bards f o r  t he  presence oE -W2 avd rhe 
quateri-iary sfrructure.  AnomaLous .-car,cisr?s were alsr? encocntere.l i n  other 
attempted q u a t e r n a r i z a t i o n s  performed i n  D M C .  T l i i s  observat ion was shown t o  
be s p e c i f i c a l l y  t r u e  of  t hose  Sch i f f  bases i n  which t h e  amino n i t r o g e n  atoms 
are i n  t h e  o r t h o  p o s i t i o n  t o  t h e  py r id ine  n i t r o g e n ,  t h a t  i s ,  t h e  2- o r  2- and 
6 -  p o s i t i o n s .  The probable explanat ion i s  t h a t  t h e  p o s i t i v e  quaternar ized 
n i t r o g e n  withdraws e l e c t r o n s  from t h e  - C a -  Sch i f f  base l inkage,  l eav ing  a 
p a r t i - a l l y  p o s i t i v e  charge which i s  then atta.cked by &he nega t ive  iod ine  atom: 
It appears  a l s o  t h a t  DXAC p a r t i c i p a t e s  i n  t h e  r eac t ion  i n  some fa sh ion  
which, a t  p r e s e n t ,  i s  n o t  understood. That DPLAC p a r t i c i p a t e s  w a s  a l so  en- 
countered i n  t h e  q u a t e r n a r i z a t i o n  of 
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Accordingly, t h e  q u a t e r n a r i z a t i o n  was attempted i n  CH3N02 p r imar i ly  because 
i t  would a l s o  tend t o  n e u t r a l i z e  t h e  charge on t h e  quaternar ized py r id ine  
n i t rogen .  
i n  CR3N02 f o r  9 hours a t  50°C. 
wi th  benzene or e t h e r  and found t o  be a m i x t u r e  of 25% mono-quaternary and 
75% of d iqua te rna ry  d e r i v a t i v e s  complexed wi th  one molecule of  CH3NO2 t o  t h e  
qua te rna r i zed  py r id ine  n i t rogen .  Thus t h e  mono-quaternary was complexed with 
one mole of CH3NQ2, and t h e  di-quaternary was complexed wi th  2 moles of CX3NO2. 
Since i t  has  been e s t a b l i s h e d  t h a t  q u a t e r n a r i z a t i o n  by CX31 i s  a slow r e a c t i o n ,  
The r e a c t i o n  of  t h e  Sch i f f  base w i t h  4 moles of  CH31 was perEormed 
The product was Lsolzitcd by p r e c i p i t a t i o n  
t h e  r e a c t i o n  i s  being repeated f o r  a longer per iod o f  t i m e ,  dur ing which t h e  
e x t e n t  of r e a c t i o n  i s i l l  be followed by TLC. 
have a l so  shown t h a t  q u a ~ e r n z r i z a t  ion vitSs1 (CH3) ~ S C ~ L ,  i.s mre  f a c i l e  and COP:- 
p l e t e  than  v7ith CH31; quarerusrizatXons w j  t h  (Ck3)2SO& ha-.re a l s o  been performed, 
Since p re l in%nary  experf-ments 
The q u a t e r n a r i z a t i o n  was performed using (CH312SO4 and t h e  corresponding 
S c h i f f  base (IIi) i n  nitromethane. The elemental  a n a l y s i s  of t h e  crude pro- 
duc t ,  m.p. 80-85"C, i s o l a t e d  by evapor i za t ion  a t  reduced p res su re  of t h e  re- 
a c t i o n  s o l u t i o n ,  i n d i c a t e s  t h a t  t h e  compound has  been obtained a s  a compl.ex 
w i t h  approximately 2 moles of  nitromethane, The i n f r a r e d  spectrum appears t o  
confirm the presence o f  t h e  product des!.red. P u r i f i c a t i o n  of t h e  product i s  
in progress .  
& T h e  s y n t h e s i s  of t h i s  compound was attempted using CH31 arid t h e  
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d i k e t a n i l ,  ( V I I I ) ,  i n  D W C .  A product mel t ing a t  177-179°C was i s o l a t e d  which 
. was no t  t h e  d e s i r e d  compound, C23H2514312;  i n s t e a d  t h e  elemental  analyses  and 
i n f r a r e d  s p e c t r a  e s t a b l i s h e d  t h e  compound as C I O H I G N I  of  t h e  s t r u c t u r e ,  
Th i s  i n d i c a t e d  a reduct ive-cleavage i n  tThich the DYL4-C probably p a r t i c i p a t e d  
s i n c e  t h e  same product was n o t  obtained when n i t rone thane  was used a s  t h e  
react ion medium. 
The q u a t e r n a r i z a t i o n  was repeated using CH31 and VI11 i n  CI13N02 a t  
50°C unc i1  TL2 shor~ed only one r e a c t i o n  product and t h a t  t h e  r e a c t i o n  was 
complete. The product was i s o l ~ t e d  by evaporat ion of the solvent  a t  reduced 
p res su re  and d r i e d ;  t h e  y i e l d  of crude product was s u b s t a n t i a l l y  q u a n t i t a t i v e ,  
m . p e ,  90-95"C.  r u r i f i c a t l o n  i s  i n  progress  t o  prepare a sample f o r  a n a l y s i s o  
The q u a t e r n a r i z a t i o n  was performed usi.ng (CII3) 2SO4 and VI11 i n  n i t r o -  
methane. l%e m,p. of t h e  i s o l a t e d  product ,  a f t e r  r e p r e c i p i t a t i o n ,  was 171-  
173*@. 
of t h e  compound. 
a r e  i n  p rogres s .  
Elemental  anal-ysis and i t s  i n f r a r e d  spectrum confirmed t h e  s y n t h e s i s  
Some CH3NU2 is complexed wi th  t h e  product.  Further  s t u d i e s  
5. . (XVIE) 
Quate rna r i za t ion  was attempted using CH31 and the Sch i f f  base (11) I F  
i n  (C2xZ5)20. React ion d i d  no t  occur. 
- The r e a c t i o n  of CH3f and (11) i n  IMAC y i e lded  a compound, m.p .  65-67"C, 
q7hose elemental  a n a l y s i s  and i n f r a r e d  spectrum confirmed t h e  s t r u c t u r e  o f  t h e  
d e s i r e d  compound ( x v x 1 ) .  
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B. Charge-Transfer Complexes. 
Exploratory experiments have been performed t o  e s t a b l i s h  whether o r  not  
t h e  prototype py r id ine  monomers w i l l  f o r a  charge t r a n s f e r  complexes with 
s e l e c t e d  acceptors  such as TCNE and TNCQ: 
NC ,C=G ,El? 
\ /c=c >s 
NC '\c-;-c h? 
TCNE TCNQ 
To t h e  p re sen t ,  experimentat ion has  been performed only wi th  TCNE and Schi f f  
base (111). 
1. I I1 .n  TCNE Comp-lexes, 
The r e a c t i o n s  of Schi f f  base (111) ~ i t h  TCNE were performed i n  DP2& i n  
which both r e a c t a n t s  were so lub le .  The Schi f f  base (111) has t w o  pyr id ine  
r ings ,  each of which would be expected t o  a c t  as donor t o  a t  l e a s t  one mole- 
c u l e  of TCNE. Thus, the equivalent conplax should be (111*2 TCNZ). I n  zffo?les 
t o  e s t a b l i s h  the value of ii ?or ( L I L ) ,  a ~ e r i e s  of reactions;  \hiere performed 
i n  DMAC using a mole r a t i o  of 1 mole of (111) with one, two and four  moles of 
TCNE r e spec t ive ly .  
ca ses ,  a marked change in/aXmost c o l o r l e s s  so lu t ion  conta in ing  t h e  monoxer and 
The r e a c t i o n  temperature was 5 0 ° C  €or  f i v e  hours.  I n  a11 
t h e  
t h e  TCNE occurred wi th in  t h e  f i r s t  few minutes of' Khe r e a c t i o n ;  and as the  
r e a c t i o n  cont inued,  t h e  col..or darkened t o  a maximum and d id  not change f u r -  
t h e r .  The color  of t h e  s o l u t i m s  a t  t e n  minutes of r e a c t i o n  t i m e  and t h e  
Sinal color f o r  t h e  compositions conta in ing  t h e  var ious  moles of TCNE per 
each mole of (111) were 
Monomer o r  a t  10 
1x1 orange 
111 brown 
111 black  
9 
Complex 
111. f TC3E 
111. 2 TCNE 
1x1. 4 TCNE 
---- 
At the end of t h e  r e a c t i o n  t i m e ,  t h e  solut5,ons were divided i n t o  two equal  
po r t ions ,  A and B,  and processed sepa ra t e ly .  
YJLe3.d 'X of Theorv 
--& 
100.0 
11O.GQ 
110.00 
P o r t i o n  A.  Evaporated Product. 
One-half of each s o l u t i o n  was concentrated a t  40°C under 0.5 mm Hg 
p res su re  t o  o b t a i n  s o l i d  products.  The y i e l d  a t  t h i s  s t a g e ,  based on one-half 
of the t o t a l ,  for t h e  t h r e e  compl.exes were found to be: 
111. 2 TCNE 
111. ft TCNE 
Analysis of t h e  products  shoved i.n t h e  2 TCNE and t h e  4 TCNE complexes t h a t  
D W C  had been r e t a i n e d  i n  t h e  complex a s  follows: 
P o r t i o n  B. P-itatcd P r o d w t s  e 
The remaining ha lves  of the s o l u t i o n s  of  t h e  complexes were p r e c i p i t a t e d  
- ~ . I I u I L . . . - I -  
by t h e  a d d i t i o n  of benzene and the p r e c i p i t a t e s  i s o l a t e d  by f i l t r a t i o n .  The 
p r e c i p i t a t e s  were then  r ed i s so lved  i n  DMAC p r e c i p i t a t e d  by (C2H5)20, i s o l a t e d  
and dried. a t  50°C in  a vacuum oven. Additional. q u a n t i t i e s  of products  were 
obtained by concen t r a t ion  o f  t h e  mother l i q u o r s  and p u r i f i e d  by r e d i s s o l u t i o n  
and DMAC followed by p r e c i p i t a t i o n .  The t o t a l  yie1d.s of  t h e  p r e c i p i t a t e d  
complexes f o r  t h e  va r ious  r a t i o s  of TCNE used were: 
complex and t h a t  t h e  product d id  not  con ta in  r e t a i n e d  DMAC. 
Elemental  ana lyses  of t h e  p r e c i p i t a t e d  111. 2 TCNE showed t h e  presence of 
oxygen and t h a t  it appeared t o  complex wi th  approximately one mole of DbjAC. 
Elemental  ana lyses  of t h e  p r e c i p i t a t e d  111. 4 TCXE showed t h e  presence of 
oxygen and it appeared t o  be complexed wi th  approximately four  moles of DMAC. 
The conclus ions  concerning t h e  r e t c i i t i on  of DXAC, on t h e  b a s i s  of oxygen 
Fur ther  s t u d i e s  w i l l  be performed ana lyses ,  a r e  only t e n t a t i v e  at t h i s  t i m e .  
t o  e s t a b l i s h  t h a t  t h e  complex has  no t  r eac t ed  wi th  oxygeno even though t h e  
complexes a r e  v e r y  s t a b l e .  For t h e  p re sen t ,  i t  appears  t o  be more than f o r -  
t u i t o u s  t ha t  t h e  elemental  ana lyses  of these  complexes a r e  c l o s e  t o  t h e  va lues  
expected f o r  t h e  complexes wi th  DMAC. The i n f r a r e d  s p e c t r a  of t he  var ious  
complexes showed s t r o n g  bands €or  CN a t  2200 cn"' and t h e  spec t r a  of t h e  t h r e e  
complexes were s u b s t a n t i a l l y  i d e n t i c a l  except  t h a t  i n  t h e  case  of the  1:l 
compiex9the i n t e n s i t y  a t  220C cn-l wae notFceably l e s s  thnn  fe r  the 1:2 C.L 
l : 4  complex. I n  a d d i t i o n ,  the t h r e e  cooiplc~xes d i d  n e t  1nc1.t w3en Iiea"td t o  
3 6 0 ° C .  
IV. Discussio2.  + 
Attempts t o  p u r i f y  t h e  complexes f u r t h e r  w i l l  be performed. 
The c u r r e n t  r e sea rch  on t h e  pro to type  monomers, both wi th  regard t o  t h e i r  
syntheses  and r e a c t i o n s  has  opened up previous ly  unknown areas of chemistry 
€or t h e s e  s u b s t i t u t e d  py r id ines .  The type  of chemistry encountered is  i n  
marked c o n t r a s t  wi th  t h e  chemistry which 97as expected on the b a s i s  of t he  
publ ished chemis t ry  on r e l a t e d  py r id ines .  These anomalous r e a c t i o n s  have made 
r a p i d  progress  d i f f i c u l t  but  the a t t r i t i o n  t h a t  has come from cnnti7iued effort-  
has shown t h a t  t h e  problems can be solved. O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  
f ind ings  t h a t  t h e  c h m i s t r y  of py r id ines  having amino- o r  azomethine l inkages  
o r tho  t o  t h e  n i t r o g e n  of: t he  py r id ine  r i n g  i s  not  what would be p red ic t ed ,  
complicat ing n o t  an1.y t h e  s y n t h e s i s  of iiionorileric or  p o l p e r i c  Sch i f f  base 
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but  a l s o  the  quaternarizing of both monomers and polymers. 
t o  d a t e  t e n t a t i v e l y  p o i n t s  t o  t h e  f a c t  t h a t  t h e  pyr id ine- type  Sch i f f  base 
The da ta  obtained 
polymer should be of t h e  s t r u c t u r e  wherein t h e  carbonyls  a r e  a t t ached  t o  t h e  
py r id ine  r i n g ,  for example, 
t o  permit success fu l  qua te rna r l za t ion .  The f ind ing  t h a t  qua te rna r i za t ion  i s  
best: performed in CH3NOZ p r e f e r a b l y  taith ( C H ~ ) Z S O ~  r a t h e r  than  CH31 is a l s o  
considered important.  
It i s  a l s o  be l ieved  t h a t  t h e  r e s u l t s  obtained t o  d a t e  more than j u s t i f y ,  
no t  only t h e  iniportancegbut t he  necess i ty  of e s t a b l i s h i n g  the  chemistry on 
pro to type  compounds before  a t tempt ing  t h e  chemistry on polymers conta in ing  t h e  
p ro jec t ed  r epea t ing  u n i t s .  Undoubtedly, without  such information,  t h e  r e s u l t s  
obtaFnecl from the qua te rna f i za t iun  of  a pyr id ine- type  Sc’atiZf 5ase p o l p e r  
would be u n i n t e r p r e t a b i e  
